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Insulin stimulated hair follicle growth in a dose-dependent 
manner over the range of 0.01 to 100 f.1.g/ml. Maximum rates 
of hair follicle growth were observed when follicles were 
maintained in medium containing 10 f.1.g/ml insulin, which is 
supraphysiologic. Hair follicles maintained in the abse~ce of 
insulin or at physiologic levels showed premature entry mto a 
catagen-like state. Insulin-like growth factor (IGF)-I and .-II 
had no significant effect on hair follicle growth when mam-
tained in the presence of 10 f.1.g/ ml insulin. However, in the 
absence of insulin, both IGF-I (0.01-100 ng/ml) and IGF-II 
(0.01-100 ng/ml) stimulated hair follicle growth in a dose-
dependent manner. IGF-I was more potent than either i~su­
lin or IGF-II, stimulating maximum rates of hair folhcle 
growth at 10 ng/ml, whereas IGF-I~ gav~ maximum st~mu­
lation at 100 ng/ m!. The rates of half folhcle growth stlmu-
T he insulin-like growth factor (IGF}-I and -II share a high degree of structural and functional homology with insulin [1] and, ill vitro, are potent mitogens for a large number of tissues and cell types [2,3]. Both IGF-I and IGF-II have been reported to be/otent stimula-
tors of keratinocyte proliferation in vitro [4 - 6], an IGF-I mRNA 
has been detected by Northern blot analysis in dermal fibroblasts, 
but not in keratinocytes, whereas IGF-I receptor mRNA has been 
detected by polymerase chain reaction (peR) in keratinocytes and 
dermal fibroblasts [7] . These results suggest that IGF-I may be an 
important autocrinejparacrine regulator of cellular proliferation 
and differentiation in the skin. Further, in patients suffering from 
acromegaly, elevated levels of circulating growth hormone result in 
a marked thickening of the epidermis and acanthosis nigricans [8,9]. 
These changes in the skin are believed to be due to the indirect 
effects of growth hormone stimulating increased production of he-
patic IGF-I, which in turn stimulates epidermal proliferation [8,9]. 
The role of insulin-like growth factors in the hair follicle is not 
known. Immunohistochemistry has shown that IGF-I is expressed 
ill rat hair follicles [10], and dermal papilla fibroblasts, which are 
essential for normal hair follicle growth in vivo [11], have been 
reported to secrete IGF-I into their culture medium in vitro [12]. We 
have previously reported on the growth of isolated human hair 
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lated by 10 ng/ml IGF-I were identical to those stimulated by 
10 f.1.g/ml insulin. IGF-II (100 ng/rnl), however, was unable 
to stimulate hair follicle growth to the same extent as insulin. 
Both IGF-I (10 ng/ml) and IGF-II (100 ng/ml) were more 
potent than insulin at preventing hair follicles from entering 
into a catagen-like state. Growth hormone had no effect on 
hair follicle growth or morphology in the absence of insulin. 
Thes.e dat~ suggest that in vitro IGF-I may be an important 
physlOloglc regulator of hair growth and possibly the hair 
growth cycle. Moreover, the removal of insulin from tissue 
culture medium may be a useful method of generating large 
numbers of catagen hair follicles for further in vitro studies. 
Key words: organ mainte11at1ce/growth factors/hair cycle. J Invest 
Dermatol1 02:857 - 861, 1994 
follicles ill vitro [13] and have shown that insulin is essential for the 
maintenance ~f these hair follicle cultures [14]. Furthermore, we 
observed that 111 the absence of insulin the hair follicles underwent 
chan?~s in morphology that resembled an anagen-to-catagen -like 
transition .. Ho~ever, these experiments were carried out using a 
supraphy.slOloglc concentration of insulin [15] similar to that used 
for keratlJ10cyte culture [16]. Recent studies on normal and trans-
formed. keratinocytes, however, have shown that physiologic con-
centr~tlons ofbotl~ IGF.-I and IGF-ll are more potent stimulators of 
keratlJ10cyte proltferatlon than insulin [4,6,17], suggesting that 
IGF-I and IGF-ll may be important in vivo regulators of keratino-
cyte proliferation. 
In this paper we now report on the effects of insulin, IGF-I, and 
IGF-II on the growth of isolated human hair follicles ill vitro. We 
show ~hat physiologic concentrations of IGF-I and IGF-II are po-
tent stl1~ulat<?rs ofhalr follicle growth, whereas insulin only stimu-
lates ~alr folhcle growth at supra physiologic concentrations. More-
over, 111 the absence of insulin, IGF-I or IGF-II hair follicles show 
~remature entry into a catagen-like state. Physiologic concentra-
tions of IGF-I and IGF-ll prevent these changes, whereas insulin is 
e.ffectlve only at supra physiologic concentrations. These observa-
tions suggest that IGF-I and IGF-II may be important physiologic 
regulators of hair follicle growth and may playa role in controlling 
aspects of the hair growth cycle. 
MATERIALS AND METHODS 
Tissue culture plastics were obtained from Becton Dickson, Cowley, Ox-
ford. Williams-E medium (minus glutamine), penicillin/streptomyicin, and 
L-glutamine were from Flow Ltd, Rickmansworth . IGF-I was obtained 
0022-202X/94/S07.00 Copyright © 1994 by The Society for Investigative Dermatology, Inc. 
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Figure 1. The effects of insulin on isolated human hair follicles maintained 
for 7 d showing that insulin stimulates hair follicle growth in a dose-depen-
dent manner. Results are expressed as the mean ± SEM for measurements 
made on hair follicles isolated from six skin biopsies (six hair follicles used 
from each biopsy; 36 hair follicles in total for each concentration). Statistical 
analysis of data was carried out using Student t test .• p < 0.05. 
from Boehringer Mannheim, Lewes, East Sussex. IGF-II came from Penin-
sula Laboratories Europe Ltd, St. Helens, Merseyside. All other tissue culture 
reagents and chemicals were obtained from Sigma Chemical Co Ltd, Poole, 
Dorset. Watchmakers forceps were from Raymond A. Lamb, London. 
Isolation and Maintenance of Human Hair Follicles Human anagen 
hair follicles were isolated from scalp skin obtained from women undergo-
ing facelift operations [13]. This was achieved by using a scalpel to cut 
through the skin at the dermo-subcutaneous fat interface. Intact follicles 
were removed from the subcutaneous fat using watchmakers forceps, gently 
grasping the outer root sheath of the follicle, and gently pulling the follicle 
from the fat. Isolated hair follicles were maintained in 24-well multi well 
plates in 500 III of Williams E medium (11 .1 mM glucose) supplemented 
with 2 mM L-glutamine, 100 U/m] penicillin, 100 Ilg/mi streptomycin, 
and 10 ng/ml hydrocortisone. Insulin, IGF-I, IGF-II, and growth hormone 
were added to the medium as and when described in the text. Foll icles were 
maintained in a humidified incubator at 37"C in an atmosphere of 5% 
COd95% air. Medium was changed after 72 h. Detailed measurements 
over 7 d were made on individual hair fol1ic1es using a Nikon Diaphot 
inverted binocular microscope with an eyepiece measuring graticule. 
Histology Hair follicles were fixed for 24 h in 3.5% phosphate-buffered 
formaldehyde and then mounted in 3% agar to facilitate sectioning. Agar 
blocks were then fixed for a further 24 h in 3.5% phosphate-buffered for-
maldehyde and then processed into wax, 4-llm sections were cut and stained 
using hematoxylin and eosin. 
RESULTS 
Effects ofInsulin and IGFs on Hair Follicle Growth In Vitro 
Insulin (Fig 1) stimulated hair fo ll icle growth in a dose-dependent 
manner over the range of 0 .01 to 100 ,ug/ml insulin. However, this 
stimulation of hair follicle growth was only significant (p < 0.05) 
at the two highest concentrations studied (10 and 100 ,ug/ml). 
Moreover, hair follicle growth was optimally stimulated at 10,ug/ 
ml insulin, and there was no additional stimulation of growth by 
100 ,ug/ml insulin. Neither IGF-I or IGF-II had any significant 
effect on hair fo ll icle growth when maintained in the presence ofl0 
,ug/ml insulin (not shown). 
In the absence of insulin, however, both IGF-I (Fig 2) and IGF-II 
(Fig 3) significantly stimulated hair follicle growth in a dose-depen-
dent manner. IGF- I was more potent than IGF- II and significantly 
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Figure 2. The effects ofIGF-I on isolated human hair follicles maintained 
for 7 d showing that IGF-I stinmlates hair fo llicle growth ill vitro in the 
absence of insulin. Results are expressed as the mean ± SEM for measure-
ments made on hair fo llicles isolated from six skin biopsies (six hair foll icles 
used from each biopsy; 36 hair follicles in total for each concentration). 
Statistical analysis of data was carried out using Student t test. • p < 0.05, 
•• P < 0.01. 
stimulated hair follicle growth at 10 ng/ml (p < 0 .01), whereas 
IGF-II stimulated a significant increase in hair follicle length at 100 
ng/ml (p < 0 .01) . Moreover, 10 ng/ml IGF-I stimulated the same 
rate of hair follicle growth as 10 ,ug/ml insulin, whereas IGF-II, 
even at the highest concentration used in these experiments (100 
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Figure 3. The effects ofIGF-II on isolated human hair follicles maintained 
for 7 d showing that IGF-II stimulates hair follicle growth iI, vitro in the 
absence of insulin. Results are expressed as the mean ± SEM for measure-
ments made on hair follicles isolated from six skin biopsies (six hair follicles 
used from each biopsy; 36 hair follicles in total for each concentration). 
Statistical analysis of data was carried out using Student t test .• p < 0.05, 
•• P < 0.01. 
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Figure 4. The effects of insulin and IGFs on the morphology of hair follicles after 7 d maintenance A) in the presence of 10 I1g/ml insulin showing normal 
morphology of hair follicle bulb with elongated dermal papilla (DP). adjacent to which are the hair follicle matrix cells (M); B) in the absence of insulin. 
showing condensation of the dermal papilla loss of matrix cells from around the dermal papilla and increased thickening of the connective tissue sheath (CTS); 
C) in the presence of 10 ng/ml IGF-I and D) 100 ng/ml IGF-II, showing maintenance of normal hair follicle morphology, Bar, 100 11m, 
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Figure 5. The effects of growth hormone on isolated human hair follicles 
maintained for 7 d showing that in the absence of insulin GH had no effect 
on hair follicle growth. Results are expressed as the mean ± SEM for mea-
surements made on hair follicles isolated from three skin biopsies (six hair 
foil icles used from each biopsy; 18 hair follicles in total for each concentra-
tion). Statistical analysis of data was carried out using Student t test. 
ng/ml), was unable to stimulate hair follicle growth to the same 
extent as insulin. Both IGF-I and IGF-II (0.01 and 0.1 ng/ml) 
appeared to inhibit hair follicle growth when compared to controls; 
however, these changes were not significant. 
Effects of Insulin and IGFs on Hair Follicle Morphology 
When hair follicles were maintained for 7 d in the presence of 10 
,ug/ml insulin they retained normal hair follicle morphology (Fig 
4A). This was characterized by an elongated dermal papilla adjacent 
to which the hair follicle matrix cells were characteristically orien-
tated across the axis of the hair follicle, whereas the matrix cells 
further up the follicle bulb were orientated along the axis of the 
follicle, giving rise to a keratinized hair fiber. However, when folli-
cles were maintained either in the absence, or at physiologic con-
centrations, of insulin (Fig 4B), marked changes in morphology 
were observed. These changes were characterized by condensation 
of the dermal papilla, a marked reduction of cells within the hair 
follicle matrix adjacent to the dermal papilla, and a dramatic thick-
ening of the connective tissue sheath both in the hair follicle bulb 
and along the length of the outer root sheath. This loss of matrix 
cells away from the dermal papilla and thickening of the connective 
tissue sheath in the hair follicle bulb resulted in the dermal papilla 
being surrounded by a thick sheath of connective tissue. These 
changes in hair follicle morphology were not seen, however, when 
hair follicles were maintained in the absence of insulin but in the 
presence of either 10 ng/~I IG~-I or 100 ng/ml IGF-II: U~der 
these conditions normal hair follicle morphology was mamtamed 
(Fig 4C,D) although follicles maintained in the presence of IGF-II 
still showed slight condensation of the dermal papilla. 
Effects of Growth Horm.one on Cultured Human Hair Fol-
licles In the absence of insulin, growth hormone over a range of 
concentrations (0.01- 500 ng/ml) had no significant effect on the 
rate of hair follicle growth (Fig 5) and did not prevent hair follicles 
from undergoing the changes in morphology shown in Fig 4B. 
DISCUSSION 
When isolated human hair follicles were maintained in the presence 
of 10 ,ug/ml insulin neither IGF-I nor IGF-II had any significant 
effect on hair follicle growth . However, insulin dose-response stud-
ies showed that 10 ,ug/ml insulin optimally stimulated hair follicle 
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growth and that higher levels of insulin did not stimulate any fur-
ther increase in rates of growth. This suggested that any IGF-I or 
IGF-II effect on hair follicles may well be masked by the insulin in 
the culture medium. 
To investigate this we repeated our experiments in the absence of 
insulin and found that both IGF-I and IGF-II significantly stimu-
lated hair follicle growth. IGF-I was more potent than IGF-II, 
causing a significant increase in hair follicle growth at 10 ng/ml, 
whereas IGF-II significantly stimulated hair follicle growth at a 
10-times-higher concentration, 100 ng/ml. However, both IGF-I 
and IGF-II were more potent than insulin and significantly stimu-
lated hair follicle growth at physiologic concentrations, whereas 
insulin only significantly stimulated hair follicle growth at supra-
physiologic concentrations. These data correlate well with studies 
carried out on mouse [5,18] as well as normal and transformed 
human keratinocytes [4,6], which have shown that IGF-I and IGF-
II are between 10 and 50 times more potent than insulin at stimulat-
ing tritiated thymidine uptake. It is known that insulin at supra-
physiologic concentrations can act as a mitogen by binding to either 
its own insulin receptor or the IGF-I receptor [1,19] and studies on 
cultured keratinocytes, using monoclonal antibodies to either the 
insulin or IGF-I receptor, have shown that insulin stimulates cell 
proliferation via the insulin receptor and that IGF-I and IGF-II 
stimulate proliferation via the IGF-I receptor [6] . We intend to carry 
out a similar study on cultured human hair follicles, although thiS IS 
likely to be a more difficult undertaking due to the complex struc-
ture of the follicle and the nature of its connective tissue sheath, 
which may well act as a barrier to the antibodies. 
Our observation that IGF-I was tenfold more potent than IGF-II 
also correlates well with previous studies carried out on cultured 
human keratinocytes, which have shown that IGF-I is tenfold more 
potent at stimulating thymidine uptake than IGF-II [6]. However, 
we have found that the maximal response of hair follicles to IGF-I 
was greater than the maximal response to IGF-II. This contrasts 
with the observations made on keratinocytes that have shown that 
IGF-I and IGF-II are equipotent [6] . However, the concentration at 
which IGF-I and IGF-II were equipotent in those experiments was 
333 ng/ml. This is much higher than levels of IGF-I and IGF-Il 
used in our experiments and we cannot rule out that at these con-
centrations IGF-I and IGF-II would also have an equipotent effect 
on hair follicles. 
When hair follicles were maintained either in the absence of 
insulin or at physiologic concentrations of insulin, they underwent 
marked changes in morehology that resemble the in vivo transition 
from anagen to catagen l20]. Other workers have also reported that 
hair follicles in culture prematurely enter into a catagen-like state 
[21]. However, they have not identified the cause of these changes. 
We have noted, however, that they carried out their experiments in 
the absence of insulin and suggest that this may be the reason why 
their follicles underwent a catagen-like transition. 
We have observed that physiologic concentrations of IGF-I and 
IGF-II not only stimulate the same rates of hair follicle growth ill 
vitro as supraphysiologic concentrations of insulin, but also pre-
vented the follicles from entering a catagen-like state. These obser-
vations suggest that IGF-I and IGF-II are more likely to be the 
physiologic stimulators of hair follicle growth ill vivo than insulin 
and also indicate that they may regulate hair follicle cycling. Serum 
IGF-I is bound to specific IGF binding proteins that regulate IGF 
action, and this could be one mechanism by which IGF availability 
to hair follicles may be regulated [22]. Alternatively, the hair 
growth cycle may be controlled by the regulation ofIGF-I receptor 
expression in hair follicles. This is supported by recent work that has 
shown that targeted mutagenesis of the IGF-I receptor results in 
abnormal hair follicle development" and by a recent PCR studyt 
• Krueger JG, Liu S, Efstratiadis A: Targeted mutagenesis of the IGF-I 
receptor suggests it is a critical pathway for normal epidermal differentiation 
and growth it! lIitro (abstr).] /til/est Dermato/lOO: 511A, 1993. 
t Little le, Stones Aj, Gibson WT, Granger SP: The IGF-I receptor is 
important in controlling the hair growth cycle (abstr). IV Eurvpean Hair 
Research Society Meetitlg. Stockholm, 1993. 
VOL. 102, NO.6 JUNE 1994 
showing that during the rat hair growth cycle there is a marked 
decrease in the level of IGF-I receptor mRNA with the onset of 
catagen. 
Growth hormone has traditionally been thought to exert its ef-
fect systemically via the stimulation of the hepatic production of 
IGF-I [2,23]. However, recent studies have shown that growth 
hormone can also act directly via growth hormone receptors ex-
pressed in peripheral tissues [24]. Growth hormone receptors have 
been reported in both dermal fibroblasts and melanocytes but not in 
keratinocytes [7] . Moreover, growth hormone has been shown to 
induce the production of IGF-I in dermal fibroblasts [25], which 
suggests that the skin may be a target tissue for growth hormone. 
The distribution of growth hormone receptors in the hair follicle is 
not known. However, we found that growth hormone had no sig-
nificant effect on hair follicle growth in the absence of insulin, 
w hich suggests that the hair follicle may not be a peripheral target 
for growth hormone. 
In conclusion, we have shown that, in vitro, IGF-I and IGF-II at 
physiologic concentrations are potent stimulators of hair follicle 
growth, whereas insulin is only capable of stimulating hair follicl e 
growth at supraphysiologic concentrations. Moreover, in the ab-
sence of insulin hair follicles show premature entry into a catagen-
like state. IGF-I and IGF-II at physiologic concentrations prevent 
these changes whereas insulin is only effective at supraphysiologic 
concentrations. These data suggest a major physiologic role for 
IGF-I and, possibly, IGF-II in regulating hair follicle growth and 
the hair growth cycle. 
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